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CIRMMARY

This is an interim propress report on n study to determine whether
certaln tracking tnsks ean be used as aeccurnte indicators of stresses
on human beings., :

The task used tf'or this worlt is Yero Input Tracking in which the only

input {s the sublecl's own error, hence the errors cen give a direct

indicsiion of the condition of the subject. A specialized instrument,
the “wro Tnput Tracking \nqu7er. or ZITA was constructed for use in

these tests.

Preliminary; work showed that "auditory shadowing” even by a skilled
subject zould cause cvatastrophic degradation in performar-: of a tracking
task.

The present report investigates the effect for an acceleration contrel
racking task over = wide range of control stiffnesses (8.3 to 915.0
mils/cecond?) and control 1lag (0.0 tn 1.255 seconds),

The results indicate, as a working hypothesis-:

(a) That the percentage increase in evror due to control lag, ani due
to auditory shadowing is independent of control stiffness.

(b) That the effect of auditory shadowing is small (40%- 50% increase
in error) with no lag, but very great (over 200% increase in error) if
the lag is 0.3 seconds or more.

(c) That under conditions where severe degradation of the tracking task
occurs, the accuracy of the auditory shadowing ic also serilously degraded.

Since Garvey and Henson /U.5. Naval Research Laboratory Report 520h4)
showed that some secondary tasks produced very large degradation in
performance with no lag, unaided control with lag in the presence of
some more difficult auxiliary tasks may be impossible.

Purzher and more elaborate erperiments on the effect are currently in
progress.,
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TR AR A DARTTOUTAR DTRENS O ONE MARS

PERFORMANCYE. OF VARIOWS TRACKING TATKS
BEN

t.lizabeth De Socio )
“orman K. walker « Washington Sehool of Psychiatry

Hamilton lowursy . s ‘
» - - 138 b o (21 )
lewis burr Jonmas Hopkins iniversity

Applied Physics Lab

TIFYRCDUCTION

This experiment was performed o measure one man's perfermance ‘n
» tracking tazk under o "stress" condition.

This experiment forms one item of a series intended to

{a) 1Investignte the usefulness of tracking tausks as indicators
of siress conditions.

(b) TFstablish the effect of a variety of stresses on operator
performance, in the hope that a range of laboratory type stresses
may be found which produce the same degradation in performance as
occurs in combat. Hence, we may be able to simulate the effects of
combat situations in the lab and thus investigate how actual tracking
systems can be improved.

Preliminary results, Fig. 7, Table I, had indicated that the per-
formance of some tracking tasks was greatliy affected by "Auditory
Shadowing"” so this stress was used with & variety of tracking tasks
covering a wide range of gains and lags. The Zero Input Tracking
Analyser 1.2 (ZITA II) provided the tracking task and error readout
which gave a measure of the stress.

EGUIPMENT

The Tracking Tesk:

The tracking task is provided by ZITA. e sub,ject sits in front
of a display at a2 convenient distance and attempts tc hold a spot
ui’ 1ight in a fixed "zero” position by operating a control stick.
Tre stick cavses the spot to avcelerate to the left or to the rizht
and as only theze two exireme positions of the stick are available
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the beoh porsible perlomymes coanints of 1 uniferm oscillintion of
Livo apot hout fie zero. The displucement of the spot, ( £ ), in
niltirddiane o geen by tue subject, eon be averaged over n time
irtervtl o the wean modular ervor { €] ), nnd can be obtained from
the ZITA records. Thin ic characteristic of the subject ana his
phvnice:l qarl mentnl comdition und hence, mny be o possible measure
of Lic oveedhion to ohress.  (Sce typical record in Fig. 1)

The diTfinrulty of the tnek cim be varied by altering the "gain" of
e dioploy, thet ia, the nngular ancelpration of the line of sight
to the spot {ellouinge n control displacement (A max milliradians/
see/nec). Difficulty con nlso be 1ncreased by adding a time lag
betveon the stick mevement and the spot recsponse.

e e
The Stress:

This experiment uns performed using one particular subject, Dr.
Hamilton mOWh”ﬂy r“ +he Johns Hopkins University, Applied Physics
Lab. and withn "aditory Shadowing"3 as the stress condition. D-,
Mewbray was vwell nccustomed to the Auditory Shadowing condition
and hnd consideruble ewperience in the use of ZITA.

Auvditory Shadowing ccnsists of repeating aloud lists of words heard
through earphones from o tape recorder vhile doing the regular
tracking task. (See Appendix II). The subject's performance is
moaitored by recording his output and comparing it with the original
list. Care is taken t2 use words of similar difficulty in a random
order nnd a sufficient number of lists (e.g. 50) must be used to
make it difficult for the subject to improve his performance by
memorizing the lis%. Auditory Shadowing can of course, be increased
ir difficulty by simply incrsasing the speed a2t which the words are
played back from the tnpe recording. In our case a speed of two
words per second was used, with mostly 4 syllable words.

Yhen Avditery Shndowing is usad ns a stress the subject is required
to repent the words list at the same time as he tracks. Hence, the
suhject mush divide his a ,ert“on bhetween the two tasks. Auditory
Shadowing in conjunciicn ﬂlth tracking can perhaps be described as

n "distraction” type of stress.

EXPERIMENTAL METHOD

The normal ZITA procedure is 4o %rain a subject on Gain 5 (an
acceleration response Lo stick movement - "stiffness" - of 91.2
milliradinuns/second /oesond when the operaior is situated 20" from
the display), mdi the nex’ step involves 1ncreas1ng the gain suc-
avnnively Lo the mavizom of Gain 1) (2,910 mllf/<ec ), then re-
+urn1ng to Gain 5 and suscessively dc*ra051ng the gnin to 1 (8.6
nmiis/s sea¢) finnlly returning to Gain 5. Hence, three readings

e



ave wnken on Gailn ' which serve as o check o enmire that the
rereral level of operntor performance does not vary during the

~experiment.t Tach gain setting is held for 1 minute during the

ran siving a total duration of 173 minutes, A typical set of
results for Mr, Norman K. Wnlker, a highly skilled subject, is
given in Fie. 3. The stress conditlon was added by turning on
the tape recorder and reguiring the subject to repeat the words
lists aloud after coehll ro-siress run at Gain 1,3,5,7, and 9, for
a turther minute, while tracking at these gain settings.

The tracking task is made more difficult by adding a first order
lag so the suhject's tracking ahility was tested with three dif-
ferent lags in the tracking device, with and without etrecs, Lag
1 is 0.105 seconds, lag 2 is 0.34% seconds and Tag 3 is 1.255
seconds,

lﬁﬂ[meBﬁm*

The subject wore earphones at all times, and was situated with
eyes approximately 20" from the target - a comfortable distance.
The runs started at 10:42 A.M., and ended at 4#:32 P.M., with
breaks for coffee ard for lunch. To give a small rest period,
the ZI24 IT cquipment was stoppred for a few seconds after each
Gain setting but it is doubtful vwhether this is a good technique
since this implies that in each case the operator settle down ¢
the tracking task inside the first 2 seconds after the error
integration begins. 0Oome runs therefore started with an initial
large error, and ve atiempted to a2llow for this by ignoring any
initial step in the record of integrated error.

The experiment consisted of five runs of about one half hour each;
two runs with no lag, and one run each with the lags described
above,

RESULTS

General Tracking Accuracy:

All tracking results are listed in Tables II and through VI and
are finslly expressed in terms of the mean error ( 1€1) mils, for
various wvalues of stiffness, d max (mils/sec2).

The subject's results for the no stress case can be compared with
those f'or Walker taken from other work. Walker's result for no

* whis procedure does not follow the standard "counter balanced"
design usually employed “n psychological experiments. A dis-
cussion of this point 1s given in Appendix T.

*#¥% Sce Appendirz IT.
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Lo vourhly eliminate the el'fect of gain variations. Mowbray's re-
culia are plotted in Fles., 4.0,5% & 6 and are compared with Walkei's
no lag resuld.

when Tr, Mowbray last umed the YTPA equipment in Nee, 1602 (Fig 7,
Takle 1Y, be was troined tor 10 - 15 mins. to a roughly asymptotie
perrormrmnee hut approciatrly woerse than Walker., The Tirst full run of
Lhe ¢ay, ‘no lapi Table "a, after a sinple two-minute practice run,
enowed that his error was rovw some 300 preater than the standard

cet in Fig. 1.

The results of Movbray's second trial with no lag, Fig. 3 ard
Table III, showed only 159 greater error than Yalker. is per-
foramance was grently improved bhut results at low gains were
scattered. This scatter at low gains may be due to the difficulty
tne operator encounters of deciding which point cn the display
sheould be treated as the zero at the very small errors (or also
possibly due to ~yestrain). Ilence, in a second analysisz of tlic
data, we took the liberty of ignoring the results for Gains 1,2,3,
& 4. Table VIT shows that the omission of the low gain tests
inproves the performance relative to Walker, and the consistency
£ tlhe results, buc has no effect on the increase of error due
to stress.

After lunch tests were made with the various lags. In general,
the results are as expected and show that the increase in error
(above the standard of Fig. 2) due to lag, is not dependent on
gain and increases with the lag.

The unusually high error for Lag 1 as compared to Lag O and Lag 2
is attributed to the fact that insufficient time was allowed after
a hurried lunch to recover full alertness which was achieved on
the interposed lag runs. (Ve noted at the time that the subject
said the tack felt "easier” with the words list; a comment ob-
viously negated by the measured results, out possibly implying a
feeling of greater alertness.,) 7Tt is possible that a more elab-
orate counterhalanced experimental design with several separate
test runs at each la2g spread out through the day would have nmin-
imized this effect, at the expense of increased scatter when
varying the gain.

Lffect of firess

sults
tirs. 3

Re h stress are also given in Tables IT through VI and
2 )

.
Df A !10

ey

The Auiitory Dhadowiny cruced an increase in error at all values
ot lag, altboush the zuvjiect himself stated that he felt his task
vag easier for Ty O acd L with the shadowing. The percentage
increnne in orror dne to shadowing at o particular lap was once



mores Dndeporen s off g v b e VIYT ) and vaprded from w1 nd no
L, Lo 2007 wita 1,000 seconds laglt

daditory Chalowing probably produces o fairly mild stress., The
erlect due Lo stregns on v no-19yr second order system measured by
darveen ond dencont ranges from 207 for the "secondary arithmetical
Larr™ oy 2007 ror o Usecondary visual task.”

Mo ie likely the secondary arithmetical tusk is comparable with

A alitory Chadovwing in ifte effect on the subject, and the results

e also comparatle.

Levertheless, this simple stress produced an extremely lavge in-
cregase in error for the systems with 1.259% seconds lag, indicating
that with a more difficult stress task such a1 the '"secondary visuesl
tasl” the loss in tracking accuracy might well bte calasbrophilc,

’”

Auditory Chadowing Performance

The tape recordings were analyzed by Dr. Mowbray's assistents using
very strick criteria. Tn addition o the obvious errors such as
the complete omission of a word, anv slurring or mispronunciation
vas counted as a mistake. On the other hand, delay in response

was not peralized, since part of the subject's learning technique
is to determine the optimum time for "storage" of the words as

they are read out.

Results are given in detail in Table IX through XIII, and the aver-
aged results are collected in Table »XIV. These show clearly that
the efficiency of shadowing degrades as *ha difficulty of the track-
ing task increases, as shown by the increase of tracking error.

Tne number of errors range from 2 per word list with no tracking to
12 per word list when coupled with tracking at Lag 3.

Detailed examination suggests n2lso that even during ome run the
words list errors are most likely to occur at the time when the
operator is naving greatest difficulty with the tracking task.

# An anomalous result was found in Lag 3, when an incrense in Gain
from Cain % fo Gain 7 produced no increase in error. However, it
was roticed that at Gain % the error spot almost reached the edgecs
of the paper, and also at Gain 7. A subsidiary experiment7 has
sacwn that the results produced by 7ITA are consistent except when
Lhe amplitude of the error display with long lags is great enough
to approach “he limits of the recording chart. In such case addi-
tional visurl cues are provided to the operator, and up to two
steps increose in pain produced no increase in error. With a
fuarther increase in yain,control 1s lost. IHence, the results or
finins 9, % °f, Tatle Y7 should he ipgnored.
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‘1Y Ghe error results for the subject with no leg are comparable
~witn the "standard” result for Valker, (Iig. 2) and are in agree-
rent with earlier regsults for this subject.

Y The effect of lag onn be represented by a single factor for
11 ~ainsg, cependini’ only on the lag,

'3 The efrect of stress can be represented by a single factor for

v
.

2
=1l yains, but varying with the lag,

‘h)  Results cnn be affected by variations of conditions dnring the

day and some counterbalancing or other changes of the design are
need«=d to reduce the effects.

51 Auditory Shadowing would appear to be a fairly mild stress by

[4
comparison with those used by Garvey and Henson. Nevertheless,
the increase ir crror due to the stress condition for control sye-

terms with a large lag is very great.

(Y Tne results appear to confirm the suggestion8 that a man has
a limited data-handling and decision-making capacity. A simple
trackine task (no lag) together with a feirly diifficult task -
auditory shadowing - did not overload the system, and hence the
resalts of the tracuing on the shadowing and <f the shadowing on
the <racking are fairly small. However if the tracking task is
of itself very difficul%, then the addition of auditory shadowing
overloads the human system, and both nerformances suffer severe

degradation.
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APPENDIX I

The design of experiments using the ZITA equipment

Fresent day pevchological experimental technique stresses the importance
of "talanced" experimental design. This implies that if a series of sub-
Jects are to be tested under a number of different conditions then the
conditions and tests will follow each other in a carefully selected se-
guence 12 ensure that the effect of "learning” of external conditions is
controlled for over the group.

‘'ie technique has been very successi':l in reducing the variability of ex-
perimental results and is standard practice for most tests.

It is, however, cumbersome and time-consuming and one of the hopes in the
design of the ZITA equipment that the requirement for balancing might be
reduced or eliminated.

Most tracxing experiments have used partially trained or untralned 'naive”
subjects. Iw is known that the performance of such subjects can improve
by a factor of 3 or more during the course of an experiment, so the re-
quirement for "balance' with such subjects is obvious., However, the use
of '"Rubric” tracking for 20 minutes or so with ZITA leads quickly to a
"plateau” level of' performance such that further improvement is very slow
(Fig. 2 shows how well two sets of experimente on = ziven subject can
link up). Provided that the change in tracking performance during the
course of an experiment is small compared to the expected change due to
the experiment it would seem that the requirement for 'balance" to correct
for "learning" would then be eliminated.

The effect of 2 change in "gain" or "stiffness" is ncw well understood,
and would seem to be largely unaffected by outside conditions. Hence we
may either eliminate gain as a variable, picking one preferred value for
21l experiments, or use gain as a stimulant tc arouse and maintain a sub-
Ject's interest. It is known, however, that in tracking a subject's per-
formance is cerlainly alffected by the previous run. In Fig. 2 a subject
starts off a2t Gain & with a certain error. As the gain increases he re-
acts more quickly, and o1 recheck at Gain 5 his performance has improved.
Similarly when the gain was decreased, his performance became worse.
Hence a "palanced" design in which a high gain condition was followed by
A lov gain cordition, or vice versa, or a high error condition, by & low
error condition - would lead to increased scatter and possibly misleading
results.

Tor this reuson we prefer, at least as far as gain is concerned, to run
through n scries of guins Tor each condition as a bateh.

aowever, "balance” is needed, we now believe, to eliminate long term ef-
fect over experimente such as those conducted recently by Lt. Col. Williams,
anl nlou extraneous effects such as the excessively high errors with Lag
]‘ll)o 1-

9



This ¢nn be achieved by splitting the gain sequence ce that Cain § ic zl-
ways usea, but in one series in combinatlion with the odd gain values and
in another sequence with even values.

A further factor to bear in mind is operator "motivation." It is found
that if an operator is achieving his standard performance with no lag,
and lag 1s switched in, his performance will immediately deteriorate.
However, if he is tracking with Lag No. 1, a small lag, and tl= lag is
suddenly removed without his knowledge, he will continue to track with
little if any improvement in performance.

Apparently the task seems easier, but the subject ascribes this to practice
or to some other excuse for not working harder. Putting it anolher way,

to follow difficult task "B" with an easy task "A", will give misleading
results. But if "A" is already at limit performanc=, a subsequent test on
task "B" will be meaningful. Hence unless some way can be found to force
the subject to his asympototic performance without his knowledge, he must
not be left in ignorance of the tests but must te told the experimental
conditions and perhaps even assigned a target performance.

10



APPENDIX II

CONDUCT OF AUDITORY SHADOWING TRIALS - extracted from G.H. Mowbray's
“"Human Perceptual Limits," APL
Tech, Digest, Jan. Feb. 1962.

The cubjects vere required to listen through earphones to a 50-word list
of English words that had been recorded at a controlled rate of about
two words per second. The words, drawn from the Thorndike-Lorge lists
of the most commonly used words in the English language, were mostly two,
three, or four syllables long. As they were read, the subjects were re-
quired to "shadow™ them, i.e., repeat them aloud as they were presented.

The subjects were all well-practiced in auditory shudowing tefore any
experimental trials were begun. The time required to attain proficlency
in this task varied from 2 to 4 hours, depending on the subject. The
experimenter decided on the basis of a subject's performance whether or
not he was ready to bugin the experimental trials.

The duration of the words ranged from 200 - 573 milliseconds with a median
of 342 milliseconds. Hence with the avercge repetition rate of 2 words/
second, about 2/3 of the time is actually taken up by thc words. It was
found that this forces the subject to store several words at a time be-
fore he can make his responses.

A typical list of 54 words is as follows -

Time Word Time Word Time Word
2.7 happy 2.0 scenery 3.7 describe
2.6 whatever 3.2 balance 2.4 ultimate
2.9 return 2.5 texture 1.7 began
2.9 insist 2.6 number 2.5 muster
3.7 display 2.0 numerous 3.2 exchange
2.7 Jjourney 2.1 electric 3.k protest
2.1 possibility 3.1 chemical 2.3 pocket
1.5 target 2.k soluble 2.2 fortress
2.0 purchase 3.k magnify 2.4 farmer
3.7 resignation 3.0 cpecialize 2.6 contact
2.2 refuse 3.3 electron 1.8 license
1.5 descrihe 3.0 criticize 1.9 classic
2.2 affection 3.2 refugee 2.3 barracks
3.0 problem 1.7 thesis 2.4 knowledge
2.9 passenger 2.3 visitor 4.3 engineer
2.1 summer 2.2 complex 1.9 forget
2.6 falcon 3.6 musical 2.9 Jealousy
4.0 complicate 2.4 blister 3.8 longitude

11
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1.0 Secs

TABLE I

SUMMARIZED RESULTS FROM PREVIOUS EXPERIMENT

WITH DR, MOWBRAY A3 SUBJECT.,

(DEC, 1962)
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TABLE II

VARIATION OF TRACKING ACCURACY WITH GAIN - NO LAG

GAIN STL?FNESS READQUT MEAN ERROR -
A Max (3] (G%'é‘) standard
(mils/sec?) (Spaces) (mils)

time 10:42 A .M,
5 g9l.2 2.4 1.31 1.1k4
5wl 9l.2 3.7 2.02 1.76
6 168 2.05 1.82 1.03
T 282 2.20 3.36 1.16
Twl 282 2.%0 3.68 1.27
8 542 2.20 6.30 1.2h
9 915 1.60 7.60 97
Owl 915 2.00 9.50 1.22

10 Fail -———

11 Fail ———
5wl 91.2 3.k 1.87 1.63
L 4s5.8 3.8 1.12 1.62
3 24,5 4,3 0.785 1.57
3wl 2,5 5.75 1.03 2.06
2 12,7 5.0 ~ 6.3 0.59 « 1.h7 1.47
1 8.3 5.8 0.595 1.61
1wl 8.3 11.1 l1.13 3.05
5 9l1.2 1.5 .82 .T1
Swl 9l.2 3.7 2.02 1.76

time 11:25 A.M, - Break for coffee and analysis of data.
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TABLE I11

VARTATION OF TRACKING ACCURACY WITH GAIN - NO LAG PHASE 2

GAIN STIFFNESS READOUT MEAN ERROR

o = (&) standard
& map | (£) %,
(mils/sec?) (Spaces) (mils)

time 11:59 A.M.
5 91.2 1.6 875 .16
5wl 1.2 3.9 2.13 1.85w1
U 45,8 2.4 .699 1.01
3 24,5 3.0 548 1.09
3wl 24,5 8.5 1.55 3.1 wl
2 12,7 6.4 0.75 1.87
1 8.3 10.5 1.08 2.90
1wl 8.3 10.65 1.09 2.94w1
5 91.2 1.5 .820 .71
Swl 91.2 2.4 1.31 1.14wl
6 158 1.9 1.68 .95
7 282 1.7 2.62 .90
Twl 282 2.0 3.06 1.06wl
8 542 1.75 5.00 .98
9 915 1.25 5.90 .76
9wl 915 1.85 8.78 1.12wl
5 91.2 2.4 1.31 1.1k
5wl 91.2 2.55 1.39 1.20wl

time 12:27 P.M. - Break for lunch

1k



TABLE IV

VARTATION OF TRACKING ACCURACY WITH GAIN - LAG 1

CAIN S@;FFNESS' READOUT MEAN ERROR ﬂf
| Max € (€) stendard
(mils/sec?) (Spaces) (mils)

time 1:30 P.M.
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TABLE V

VARTATION OF TRACKING ACCURACY WITH GAIN TAG 2

GAIN STIFFNESS READOUT MEAN ERROR &
A Max (&) /gjstandard

(mils/sec®)  (Spaces) (mils)
time: 2:25 P.M.
5 91.2 3.10 h.25 3.70
Swl 91.2 L.8 6.60 L, Lowl
6 158 1.7 3.80 2,14
7 282 1.3 5.00 1.72
vl 282 4.8 18.5 6.)+0wl
8 5h2 1.8 12.8 2.50
9 915 1.7 20.2 2.60
9wl 915 4,2 50.0 6.40wl
5 91,2 2.k 3.30 2.86
Swl 91.2 5.5 7.55 6.57wl
N 45,8 2.3 1.70 2.45
3 2L.5 2.2 1.01 2.02
3wl k.5 8.2 3.75 7.50wl
2 12.7 L,7 1.39 3.47
1 8.3 6.0 1.5h 4.16
1wl 8.3 8.8 2.25 6.00wl
5 1.2 2.0 2.28 1.98
5wl 91.2 5.0 6.88 5.95wl

time: 2:53 P.M.
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TABLE VI

VARTATION OF TRACKING ACCURACY WITH GAIN LAG 3

GAIN STIFFNESS READOUT MEAN ERROR

e)
Max 2y standard
(miAls/sece) (Spaces) (m(‘ﬂs) 4)

time 3:07 P.M.

5 91.2 4,6 6.3 5.50

5 91.2 5.7. 7.89 6.82
Swl 91.2 22,0 30.2 26.20wl
6 158 8.7 19.3 10.90
7 282 3.0 11.60 4.00
Twl 282 7.9 30.5 10.50wl
Twl 282 4,9 18.8 6.50w1
5 91.2 5.7 7.89 6.82
5wl 91.2 1.7 20.00 17.Lb0wl
L 4s.8 7.6 5.60 8.10

3 2L.5 L.7 2.15 4.30
3wl 2k.5 28.5 13.06 26.,10wl
2 12,7 22.0 6.55 16.40
1wl 8.3 18.0 L.60 12.40wl
5 1.2 8.6 11.8¢C 10.30
Swl 91.2 PRI 19.70 17.10wl
time 3:34 P.M.
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TABLE VII

"STANDARD" VARIATION OF FRROR WITH STIFFNESS - (Feb. 1963)

(FROM COLLECTED RESULTS FOR N.K. WALKER - NO LAG)

Goin © stiffness €l
1 8.3 .37
2 12.7 0.40
3 2k .5 0.50
I 45.8 0.69
5 91.2 1.15
6 158.0 1.77
7 282.0 2,90
8 52,0 5.10
9 915.0 7.80
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TABLE VIII

SUMMARIZED RESULTS

STRESS

LAG NO STRESS WITH STRESS NG STRESS
Zero (1lst Run) 1.31 £ 0.72% 1.82 £ 0.56 1.39
(2nd Run) 1.15 £ 0.ho 1.77 £ 0.83 1.54
0.105 secs. 2.50 £ 0.20 3.91 £ 0.59 1.57
0.345 secs. 2.69 f£ 0.54 6.17 £ 0.86 2.29
1.255 secs. 8.12 {£ 3.03 19.84 £ 7.6 wxx 2,15
Zero (1lst Run){ 1.0+ £ 0.20 1.53 £ 0.33 1.47
(2nd Run) 0.87 4 o0.12 1.27 £ o.k2 1.46

* 95% Confidence Interval
*% This result considered doubiful - Errors are much greater than in

previous work
*#¥% Excluding Gains Above 5 Because of "Finite Display" Effect.

£ Bxcluding Gains Below 5 Because of Eye Strain, etc.
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TABLE IX

ANALYSIS OF AUDITORY SHADOWING PFRFORMANCE

NO LAG (TRACKING RESULMS IN TABLE II)

WORD L CODE GATN - NUMBFR OF MISTAKES f?l/ (€l standard
/
15 2l 2% 1.76
16 5 p) 2
17 10 1
18 5 7 1 1.27
19 6 9 2 1.22
20 12 3
21 27 . 6 p
02 29 / 1 1.63
23 20 1 .
2 2k 3 N 2.06
25 18 )
26 7 1 i 3.0
28 13 1
29 30 5 ) 1.76
Mean number of errors/word 1list = 2.7
Mean Tracking error ratio = 1.82 £ 0.56

* results omitted ete.
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TABLE X

ANALYSIS OF AUDITORY SHADOWING PERFORMANCE

NO LAG (PHASE 2)

(TRACKING RESULTS IN TABRLE III)

WORD LIST CODE GAIN NUMBER OF MISTAKES IEl/1E] standara
/
30 h 1
31 17 5 1 - 1.8
32 1 1.
33 1k 3 2 3.10
3!; 3 2
36 15 5
37 13 5 1 1.1k
38 22 3
39 22 T L 1.06
Lo 25 8
42 23
43 8 > § 1.20
Mean number of errors/word list = 3.0
Mean Tracking error ratio = 1.77 £ 0.83
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TABLE_XT

ANALYSIS OF AUDITORY SHADQWING PERFORMANCE

LAG I

(TRACKING RESULTS IN TABLE iV)

WORD LIST CODE GAIN NUMBER OF MISTAKES ‘E| / lzl siandard
N =
% E 7 3 4.8
:ﬁ }é g l-; 3.80
) ¥: 5 15 3-89
s s ;
% 18 1 y 3.5
s 5 5 0 3.36

Mean number of errors/word list = 5.1
Mean Tracking errcr ratio = 3.91 £ 0.59



TABLE XIT

ANALYSIS CF AUDITORY SHADOWING IERFORMANCE
LAG II

(TRACKING RESULTS IN TABLE V)

WORD LIST _ CODE __ GAIN _ NUMBFR OF MISTAKES ng/cg)standard
L,
: 26 7 ; 6.10
2 23 9 22 6.40
1 b 5 : 6.57
18 gg 3 $ 7.20
> 8 1 lg 6.00
i 10 5 : 5.95

Mean numher of errors/word list
Mean Tracking error ratio

= 6.9
= 6.1

7 £ 0.86
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TABLE XITL

ANALYSIS OF AUDITORY SHADOWING PHRFORMANCE
TAG TII

{TRACKING RESULTS IN TABLE VI)

WORD LIST CODE GAIN  NUMBER OF MISTAKES ( 5;/(5) standard
15 2l 3.
16 5 > 19 26.20
17 10 0
19 6 20 6.50
20 12 7
21 27 5 ? 17.40
2 29 5
23 %0 »3 a 26.10
L
g;‘ ?8 1 g 12.40
27 28 16
28 13 5 11 17.10
Mean number of errors/word list = 12.1
Mean Tracking error ratio z19.84 £ 7.6
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TABLE XTV

COLLECTED RESULTS FOR AUDITORY SHADOWING

Tracking Errors

Tracking Tnsk Verval Errors/Words List (E}/l?lstandard
none 2.0%
acceleration - no lag 2.7 1.82 £ 0.56
" repeat 3.0 1.77 £ 0.83
" Lag No. 1 5.1 3.91 £ 0.52
" Lag No. 2 6.9 6.17 £ 0.86
" Lag No. 3 12,1 19.84 £ 7.6

* Mean valuc Trom other work.
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